Cary series UV-visible near infrared spectrophotometer with a diffuse reflectance accessory.
Photoluminescence (PL) spectroscopy was carried out on Cary Eclipse fluorescence spectrophotometer ( excitation = 320 nm) with a diffuse reflectance accessory. X-ray photoelectron spectroscopy (XPS) was conducted using Thermo VG, K-alpha using Al K line as the X-ray source.
Electron paramagnetic resonance (EPR) spectra were recorded using a Jeol-FA100 spectrometer at 100 K. Time-resolved PL measurements was performed using a home-built optical microscope system at room-temperature. The sample was excited by a pico-second pulsed diode laser (PicoQuant, LDH-P-FA-355) with a 355 nm wavelength (FWHM = 56 ps) and repetition rate of 40
MHz. The excitation source was focused from 40× (NA = 0.6) objective (Nikon). Fourier-transform infrared (FTIR) analysis was performed using a Thermo Scientific Nicolet Continuum spectrometer. Powder samples were prepared in KBr, and pellets were pressed from the powder mixture.
Photocatalytic CO 2 reduction.
We have utilized a continuous flow-through system for CO 2 and water reduction under 1 sun condition. In short, in this case, the photocatalytic powder is dispersed upon a nanoporous disk, composed of spun glass through which reactant flows while under AM1.5 illumination.
Product analysis was conducted every 0.5 h by an online gas chromatography (GC) unit (Shimadzu, GC-2014) having helium carrier gas. The GC was equipped with a flame ionization detector (FID, Restek-Rt-Q-bond column, ID = 0.53 mm and length = 30 m). Photocatalyst stability was evaluated by repeated testing of the same sample for CO 2 photoreduction; after each 12 h test cycle the photocatalyst was vacuum annealed at 100 °C for 2h, a process previously used to regenerate the photocatalyst 1,2 .
Hydrogen (H 2 ) detection was performed using a gas chromatograph with Ar as carrier gas (Agilent, 7890B) using Molecular sieve (Msieve) 5A column (G3591-7003, 2 m x 1/8 inch, 2 mm SS packed type). Carbon monoxide (CO) was determined using gas chromatography (GC) unit (Shimadzu, GC-2014) with Rt-Msieve 5A column (30 m, ID = 0.32 mm, 30 m). Isotopic 13 CO 2 and control experiments were performed to confirm the carbon source. 13 CO 2 ( 13 C 99%), diluted in pure He gas (99.999%) to give a final 13 CO 2 concentration of 500 ppm, was purchased from Sigma Aldrich. The 13 CH 4 produced from moist 13 CO 2 gas was analysed using a gas chromatography- 0.03 g catalysts dispersed on petri dish. The volume of reactor used was 300 ml and tests were done using 300 W Xe lamp ( AM 1.5G) 
